Tef [Eragrostis tef (Zucc.)Trotter] is an ancient and major cereal crop in Ethiopia. Increasing tef grain yield partly requires developing cultivars that are adapted to drought stress environment. An experiment was carried out using 18 tef genotypes grown during September to December, 2010, under two water supply environments (stress during grain filling period, and non-stress) to identify genetic variation, heritability and correlations of grain yield and yield related traits. Broad-sense heritability values under respective stress and non-stress environments were grain yield (g/m 2 ) 0.80 and 0.89, total biomass (g/m 2 ) 0.89 and 0.73, harvest index 0.69 and 0.79, panicle weight (g/plant) 0.93 and 0.92, and seed weight (g/plant) 0.96 and 0.86. The correlations of grain yield under respective stress and non-stress environments were total biomass r p = 0.64, r g = 0.70, and r p = 0.48, r g = 0.56, harvest index r p = 0.70, r g = 0.64, and r p = 0.87, r g = 0.90, panicle weight r p = 0.98, r g = 1.00, and r p = 0.96, r g = 1.00, and seed weight/plant r p = 0.98, r g = 1.00, and r p = 0.90, r g = 1.00. The present experiment showed that either grain yield per se, or seed weight/plant could be used to improve grain yield under stress and non-stress environments.
Introduction
Tef [Eragrostis tef (Zucc.)Trotter] is an ancient and major cereal crop in Ethiopia. It grows widely from sea level up to 2800 m above sea level under various rainfall conditions although good productivity is obtained in areas where growing season rainfall exceeds 300 mm [1] . The average yield of tef is less than 1 tone/ha [2] which is partly attributed to low moisture supply [3, 4] .
The estimation of genetic parameters for agronomic traits is necessary in the selection of superior genotypes and to evaluate the breeding strategies. The key genetic parameters are heritability, and phenotypic and genetic correlations [5] . The broad-sense heritability is the proportion of phenotypic variation that is due to total (additive and non-additive) genetic effects. It provides an estimate of the genetic advance expected from selection applied to genetic materials under certain environment. The higher the heritability estimates, the simpler are the selection procedures [6, 7] .
Phenotypic correlation measures how different traits co-vary across phenotypes. A genetic correlation measures the degree to which different traits are controlled by the same gene or genes that are closely linked. Early studies in tef showed considerable genetic variation, heritability, and correlations among a range of agronomic traits [8] [9] [10] . However, these studies were done under non-moisture stress environments and may not be applicable for drought conditions. The major objectives of the present study were 1) to estimate the variances and broad-sense heritability, and 2) to examine the phenotypic and genetic correlation coefficients for grain yield and yield related traits in tef under moisture stress and non-stress environments.
Materials and Methods
A field experiment was conducted at Jinka Agricultural Research Center of South Agricultural Research Institute, Ethiopia. Jinka is located at 5˚52'N, 36˚38'E, and 1450 m above sea level with annual average rainfall and temperature of 255 mm and 22.3˚C, respectively. The soil of the experimental field is sandy loam.
Eighteen tef genotypes were planted at recommended seeding rate of 25 kg/ha on September 2, 2010, at the end of main rainy season which extends from June to October. The average rainfall and temperature during the experiment duration of September to December, 2010, were 60 mm and 22.4˚C, respectively. A randomized complete block design with three replications was used under stress and non-stress environments. Each plot consisted of four rows, 1 m long with spacing of 20 cm between rows. The distance between replications was 1.5 m and that between stress and non-stress environments was 4 m. Supplemental irrigation was withdrawn from stress environment after the majority of genotypes attained 50% flowering stage. Non-stress environment on the other hand received supplemental irrigation from date of planting until physiological maturity. The stress environment was covered with roof of polythene sheet to protect from rainfall and a furrow was prepared around it to prevent water entry. The 40 kg/ha N in the form of urea and diammonium phosphate (DAP) and 60 kg/ha P 2 O 5 (in the form of DAP) were applied at planting. Each plot was kept free from weeds with frequent hand weeding.
At physiological maturity, five random plants within each plot were manually uprooted to determine plant height, panicle weight and seed weight/plant. Grain yield and total biomass were determined after harvesting the whole plot at ground level using sickles and oven drying the grain and straw samples to constant weight at 65˚C. The data were analyzed using GLM procedure of SAS software [11] .
Broad-sense heritability (h 2 ) was calculated as the ratio of the genotypic variance to the phenotypic variance as: The genotypic and phenotypic coefficients of variation were computed according to the methods of Burton [12] and Kumar et al. [13] as:
where GCV and PCV are the genotypic and phenotypic coefficient of variation, respectively, and Genetic and phenotypic correlation coefficients between pairs of traits were calculated using estimates of variances and covariances according to Kibite and Evans [14] as:
where r g is the genetic correlation coefficient, COV gxy the genetic covariance between traits x and y, and  are the genetic variances for traits x and y, respectively. Similar analyses were made for phenotypic correlation coefficients (r p ) using the phenotypic variances and covariances.
Results
The analysis of variance showed that grain yield and yield related traits were significantly affected by environment, genotype and genotype by environment interactions ( Table 1 ). The effect of genotypes was also significant (p < 0.01) for these traits under each environment. Grain yield (g/m 2 ) ranged from 55 (genotype Denkeye) to 100 (genotype DZ-Cr-387) under stress, and from 108 (genotype Rubicunda) to 203 (genotype DZ-01-974) under non-stress environment. Total biomass (g/m 2 ) ranged from 537 (genotype Addisie) to 866 (genotype DZ-01-974) under stress, and from 737 (genotype Rubicunda) to 1056 (genotype DZ-01-974) under non-stress environment ( Table 2) . Genotypes also showed considerable variations for days to maturity, grain filling period, harvest index, plant height, panicle weight and seed weight/ plant under both stress and non-stress environments. The 2 ð g values were much higher than that of for grain yield and yield related traits ( Table 3) . Both genotypic and phenotypic coefficients of variation were high for grain yield compared to total biomass and harvest index under both environments. The decrease in values of genotypic and phenotypic coefficients of variation for days to maturity, grain filling period, plant height, grain yield, and harvest index, and the increase for total biomass, panicle weight, and seed weight/plant were obtained under stress environment. Broad-sense heritability values under respective stress and non-stress environments were grain yield 0.80 and 0.89, total biomass 0.89 and 0.73, harvest index 0.69 and 0.79, panicle weight 0.93 and 0.92, and seed weight/plant 0.96 and 0.86.
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The correlations of grain yield in respective stress and non-stress environments were total biomass r p = 0.64, r g = 0.70, and r p = 0.48, r g = 0.56, harvest index r p = 0.70, r g = 0.64, and r p = 0.87, r g = 0.90, panicle weight r p = 0.98, r g = 1.00, and r p = 0.96, r g = 1.00, and seed weight/plant r p = 0.98, r g = 1.00, and r p = 0.90, r g = 1.00 ( Table 4) . The correlations of total biomass in respective stress and non-stress environments were panicle weight r p = 0.64, r g = 0.68 and r p = 0.33, r g = 0.38, and seed weight/plant r p = 0.58, r g = 64, and r p = 0.44, r g = 0.55. The correlations of harvest index in respective stress and non-stress environments were grain filling period r p = -0.54, r g = -0.96, 
Discussion
The reduction in performance due to moisture stress observed in present experiment agrees with the previous studies in tef [15] , and wheat [16, 17] . Water deficit occurring from flowering to maturity usually results in poor assimilation, reduced translocation of photosynthates to the grain and higher respiratory losses [18, 19] . Consequently, the effect of moisture stress was manifested in low panicle weight, seed weight/plant and grain yield. The highest grain yield was obtained under both environments for genotypes DZ-01-974 and DZ-Cr-387 indicating that these genotypes may be used in future breeding programs to improve grain yield under stress and non-stress environments.
In the present experiment, the phenotypic coefficient of variation was higher than the genotypic coefficient of variation, but in most cases the two values differed only slightly, indicating small environmental effects in estimating these traits. On the other hand, the high broadsense heritability observed in this study suggests the feasibility of selection to improve tef grain yield under stress as well as non-stress environments. However, heritability is a value of a character only for the population and the environment to which the genetic materials are subjected [5] . Thus, value of heritability depends on the magnitude of all the components of variance, and a change in any of these will affect it. As to the present experiment, the decrease in broad-sense heritability under stress environment for grain yield [20, 21] , and harvest index and plant height [21, 22] , and the increase in that of total biomass [22] has been reported for wheat.
The negative correlation (r g = -0.75, r p = -0.49) between grain yield and grain filling period under stress environment suggests the possibility of using rapid maturity to escape the effects of drought [1] . The importance of total biomass to improve grain yield was low (r p = 0.48, r g = 0.56) under non-stress compared to stress environment (r p = 0.64, r g = 0.70). This could be related to low variability of total biomass under non-stress environment as was suggested by Donald and Hamblin [23] . On the other hand, the strong correlation between grain yield and seed weight/plant suggests that either grain yield per se or the latter trait can be used to improve grain yield under stress and non-stress environments. However, high error coefficient of variation associated to seed weight/plant suggests a careful handling of it to reduce sampling error.
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